The northern leaf blight (NLB) (Exserohilum turcicum) and gray leaf spot (GLS) (Cercospora zeae-maydis) are two major foliar diseases affecting maize. Losses caused by these diseases are up to 65%, and genetic resistance is widely employed. In the present study, the genetic resistance levels of popcorn hybrids to NLB and GLS determined with a nonparametric statistical approach using the Kruskal-Wallis and Wilcoxon tests, which also allowed to estimate the genetic advancement values (AdV) for these hybrids. For this, an experiment in incomplete randomized block design was carried out in 2007/2008 cropping season and the area under the disease progress curve for NLB and GLS were estimated based on severity. The effect of hybrids was significant (P < 0.10) for resistance to NLB and GLS. All the 42 tested hybrids were resistant to NLB and eight of them were moderately susceptible to GLS. Eight hybrids had outstanding AdV and these materials are able to advance to subsequent stages of the breeding program without restrictions.
Introduction
In applied statistics for agricultural sciences, nonparametric statistical inferences are useful when parametric assumptions, such as, normal distribution and homogeneity of variances, are not satisfied. In this context, the use of nonparametric tests is appropriate since the parametric approach may lead to invalid conclusions.
Popcorn has been a commodity crop in the United States of America for more than 100 years (Ziegler, 2001 ). In Brazil, although studies of the Ministry of Agriculture have determined that popcorn production has a satisfactory potential market (Arnhold et al., 2009 , Mendes de Paula et al., 2010 , there is a lack in commercial cultivars and crop requirements (Vilela et al., 2008) . This situation has been reverted by important advances achieved by breeding programs (Arnhold et al., 2009 , Vieira et al., 2009 , Freitas et al., 2014 , Solalinde et al., 2014 . However, the flint germplasm available to pop-corn breeding is narrow and does not perform so well as the common maize (Ziegler, 2001 ) and, as a result, poor agronomic traits, including disease susceptibility, often is added to materials. Therefore the assessment of genotypes in relation to their levels of resistance to diseases also refered as reaction to diseases becomes even more important.
The northern leaf blight [Exserohilum turcicum (Pass) Leonard & Suggs; teleomorph Setosphaeria turcica (Pass) Leonard & Suggs] and gray leaf spot (Cercospora zeae-maydis Tehon & Daniels, are two major foliar diseases affecting maize throughout the growing regions, including Latin America (Vieira et al., 2009 , Vieira et al., 2012 . Losses caused by these diseases are up to 65% (Pataky, 1992 , Ward & Nowell, 1998 , and genetic resistance is widely employed.
The evaluation of genotypes in crosses is common in plant breeding. In maize, the evaluation of inbred lines and hybrids are extensively performed around the world (Gaytán-Bautista et al., 2009 ). In such studies, during tests of experimental hybrids, only the most promising hybrids usually are advanced to subsequent stages. These hybrids must overcome or, at least, equate with commercial cultivars in desirable agronomic traits. Lined up with this, the resistance to foliar diseases is also an important criterion to advance hybrids and measure its usefulness.
In the present study, methods of nonparametric data analysis was employed to determine the reaction of 42 popcorn hybrids to NLB and GLS. In addition, the outstanding hybrids were recommended to advance to subsequent stages in our popcorn hybrid breeding program.
Material and methods
Forty-four entries were evaluated for NLB and GLS resistance. They consisted of forty-two single-cross hybrids of popcorn, developed by the Specialty Maize Breeding Program of the Universidade Estadual de Maringá, northwest of Paraná State (PR), Brazil, and two materials were checks (IAC 112: resistant to NLB and moderately susceptible to GLS; Zélia: susceptible to NLB and moderately susceptible to GLS). The experiment was arranged in unbalanced incomplete randomized block design, with 2 to 4 replication, and located in Bartlett`s test was applied to verify the homogeneity of variance. To verify the normal distribution of errors the method of Kolmogorov-Smirnov was used. Since the parametric assumptions were not satisfied in the original, square of x and log of x scales, we applied a nonparametric statistical approach.
In this approach, AUDPC values of each disease were initially ranked into each combination of leaves (k = 1, 2 and 3) and blocks (j = 1, 2, 3 and 4). The lowest AUDPC values had the lowest ranks and the equal AUDPC values had the average rank. Every rank from the i th genotype, in the k th leave and j th block, was divided by number of genotypes in the j th block. These procedures allowed to overcome blocks and leaves effects and consequently the range of ranks were between 0 and 1. In this manner, the range of ranks was only determined by genotype effects. Next, the Kruskal-Wallis test was performed to test the null hypothesis (H0: rankgenotype1 = rankgenotype2 = … = rankgenotype i; at 10% probability) and the alternative hypothesis (ranks differ between two or more genotypes at P < 0.10).
The Wilcoxon signed-rank test was used to compare new hybrids vs. check cultivars pairwise. In this test, the sample from each treatment was constituted by its ranks at jk combinations of blocks and leaves. Rank of new hybrids was paired to its corresponding rank of checks, i.e. in the same block and leaf. Analyses were performed using the SAS 9.1 software (SAS Institute, NC, Cary).
The 42 single-cross popcorn hybrids were in a primary level of tests. To indicate which hybrids would able to advance to the secondary level, advancement values (AdV) were attributed to new hybrids using the Wilcoxon test at 10% probability. For NLB resistance level, AdV were: 2 when hybrids differed from IAC 112 (resistant) and Zélia (susceptible) and had lower ranks than checks; 1 when hybrids did not differ from IAC 112 but differed from Zélia with lower ranks; 0 when hybrids differed from IAC 112 (resistant) presenting higher ranks. For GLS resistance level, AdV were: 1 when hybrids did not differ from IAC 112 and Zélia (both were moderately susceptible in this study); 0.5 when hybrids only differed from IAC 112 or Zélia, but not from both; 0 when hybrids differed from both IAC 112 and Zélia, showing higher ranks. The sum of AdV for both diseases was used to indicate which hybrids will be used subsequently in our hybrid program. Jaboticabal, v.44, n.2, p.165-169, 2016 
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Results and discussions
The Kruskal-Wallis test indicated that significant genotypes effects occurred (P < 0.10) for both NLB and GLS (Table 1 ). This information confirmed that some hybrids are outstanding for the reaction to diseases and they probably have different resistance levels to diseases.
The pairwise comparisons are displayed at Table 2 . For NLB, twenty-eight hybrids (01, 02, 03, 04, 09, 10, 11, 16, 17, 23, 25, 26, 28, 29, 30, 31, 33, 34, 35, 36, 40, 41, 42, 44, 45, 46, 49 , and 55) differed (P < 0.10) from the resistant hybrid IAC 112 and also from the susceptible Zélia, presenting lower mean AUDPC ranks. Therefore these hybrids were cautiously classified as resistant. They might be, however, reclassified as highly resistant in subsequent tests. The other fourteen hybrids were not different (P > 0.10) from IAC 112, but they differed from Zélia with lower ranks. These hybrids also were classified as resistant to northern leaf blight. For GLS resistance, the checks IAC 112 and Zélia did not differ at 10% probability ( Table 2 ). Both of them were considered as moderately susceptible in this test. Eight hybrids (03, 10, 11, 12, 17, 26, 30 and 35) were moderately susceptible to gray leaf spot, due to no significant differences (P > 0.10) when compared to checks. The other 34 hybrids showed higher ranks (P < 0.10) than checks. These hybrids were susceptible to gray leaf spot.
Our study identified hybrids that had higher, or similar, levels of resistance to NLB compared to IAC 112, a resistant genotype. In this sense, it is believed that yield of new resistant hybrids cannot be strongly affected by NLB (Pataky, 1992) . For GLS, eight new hybrids were similar to the commercial cultivars. The other hybrids performed worst.
This denoted that these eight hybrids might be useful. It also suggested that it is difficult to obtain cultivars with resistance to gray leaf spot using breeding populations from the parental inbred lines of these hybrids.
The non-parametric tests used in this study were showed a valid statistical approach to study the reaction or levels of resistance to foliar diseases of corn. This approach is indicated since the habitual parametric methods such as ANOVA and post-hoc tests, e.g. Tukey and Dunnett, are not recommended due to nonnormal distribution or heterogeneous variances. Such situation is quite common in plant pathology and plant breeding resistance to diseases (Yuen & Forbes, 2009) . nsZ Not differed from Zélia (p > 0.10). R: resistant; MS: moderately susceptible; S: susceptible.
Conclusion
The scheme proposed, based on AdV values, allows to decide which hybrids meets with expectations to advance in a breeding program.
